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1. INTRODUCTION

This report describes the results of research and analysis conducted
for the U.S. Army Armor and Engineer Board at Fort Knox, Kentucky-during
July, August, 1975. The research was concentrated in two major areas as
follows:

1. The Swedish S-Tank Agility/Survivability Test (STAGS) to be
conducted at Fort Knox during the last three months of 1975.

2. Analysis of apparent acceleration and velocity of a moving
target relative to a stationary firer.

The total analytical plan for the STAGS test is currently being finalized
by Fort Knox. Inputs for this plan were provided by the Training and Doctrine
Systems Analysis Activity (TRASANA) and the Armor and Engineer Board, and
the writer. The writer was responsible for the Analysis of Variance design
and procedures to be used to test statistical hypothesis of the mean values
of various factors. This technique is particularly applicable for analyzing
the depend variables of lay time, load time, time to fire first and subsequent
rounds, acquisition time, and number of rounds fired. The ANOVA will also be
used to analyze the horizontal and vertical miss distance dependent variables.
TRASANA has responsibility for analyzing the variances of the dependent
variables, a particularly important aspect in the study of miss distances.
The specific split-plot designs and ANOVA procedures to be used to analyze
the field test data are given in Chapter 2.

Specific programs developed to support the STAGS analysis are given in
Chapters 3, 4, and 5. In order to test the models developed, a data set was
prepared in the same form as the field data will be collected. The actual
numbers in the sample data set were made up by two Army officers. Therefore,
the sample outputs given In Chapters 3, 4, and 5 are not intended to provide
conclusions but to demonstrate the models' capabilities. The analysts of
the actual field data will be made by the writer in early 1976 and will be
reported in a subsequent Technical Report.

Each of the Chapters 3, 4, and 5 includes a description of the program,
a program listing, and a sample output for X and Y miss distances using
the sample data set.

The analysis of Variance will utilize the ANOVA package from the Statis-
tical Package for the Social Sciences (SPSS) as discussed in Chapter 3. The
Mean Value Differential Analysis (MVDA) program computes the Grand Mean,
submeans, and submean differentials for up to a five factor experiment. This
program will be used as a supplement to the ANOVA to provide additional
insights into the magnitude of mean differences between the various factors
in the experiment. The MVDA program is described in Chapter 4.

The String Statistics Program (Chapter 5) was designed to provide
initial statistics for experimental data to indicate the basic nature of the
data. This program will be expanded in a future contract period to provide
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trend analysis and probability plots.

One of the most important questions facing the armor community today Is
"What is the effect of mobility and agility on tank survivability on the
battlefield?" In order to provide a quantification of important facets of
this problem, a program was developed to compute the apparent acceleration
and velocity of a target moving at various speeds and accelerations and
employing a variety of movement tactics. The initial effort (Chapter 6)
describes results of targets moving with~a flank aspect to the firer vehicle.
From this report near far range bands in which apparent acceleration and
velocity contribute to the tracking problem are identified. The current
status of the research is described in Chapter 7. The program has been
expanded to allow target movement in any direction, including sinusoidal and
three-dimensional representations. The next phase of research in this area
involves the analysis of actual tracking data in conjunction with the target's
apparent acceleration and velocity. Data to be collected from the STAGS Test
to support this effort is described in Chapter 8.

Based on the efforts conducted to date as documented in this report,
additional research proposals are currently being considered by the U.S. Army
Armor and Engineer Board. It is anticipated that the results presented
herein will serve as the basis for continuing research and analysis of these
areas.
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2. PROPOSED ANALYTICAL PLAN - ANALYSIS OF VARIANCE

STAGS SURVIVABILITY TEST

The STAGS Test consists of several parts, including vehicle
characteristics test, speed and precision of lay, hitting'performance,
simulated mission firing, human factors evaluation, reliability,
maintainability, safety, mobility course evaluation, survivability
experiments, and silhouette exposures in stationary positions.

The analysis presented herein will consider only the survivability
experiment portion of the STAGS Test.

The survivabi1ity experiment will be conducted In two phases as

follows:

PHASE I: Yano Range Phase

PART A: Constant Speed Test
PART B: Stop-Start Test
PART C: Evasive Tactics Test

PHASE II: St. Vith Phase

PART A: Intermittent intervisibility discontinuity
segments (Routes 1 & 3).

PART B: Three-Tactics Test to measure effects of a
moving, partially concealed silhouette on
gunner hitting perf rmance (Route 2).

PART C: Conccialment Test to measure the effects of
selected intervisibility segment length size
on gunner hitting performance (Route 4).

PART D: Effects of rapid advance tactics and maximum
terrain use tactics on intetvlsibility segment
lengths.

NOTE: Analysis of Variance techniques will be utilized only
for the Yano Range Phase of the subtest. Other
appropriate techniques such as regression and correla-
tion analyses will be conducted by TRASANA for the St.
Vith Phase.
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EXPERIMENTAL DESIGN MODEL SELECTION

The purpose of Analysis of Variance (ANOVA) is to test statistical
hypotheses of the mean values of various factors (independent variables)
as they affect observed values of a specified dependent variable.. One
of the basic assumptions underlying the linear model is that the variance
due to experimental error within each of the treatment populations be
homogeneous. Moderate departures from this assumption do not, however,
seriously affect the sampling distribution of the resulting F statistic
used to test for significant differences between the means of the various
treatment levels.

Prior to conducting the ANOVA, appropriate tetts (e.g., Hartley,
Cochran, or Bartlett test) for homogeneity of variance will be made.
If the hypothesis of homogeneity of variance is rejected, appropriate
modifications to the F distribution utiltzed for the test will be made
(see Winer, page 206).1

Each part of the survivability experiment utilizes five different
crews for each of four firer vehicles. Other factors such as target
speed, course, tactics, etc., (different for each part) are specified
by the experimenter and thus are truly treatment factors.

Several possible designs were considered: full factorial, nested
factorial, block design, and split-plot design. The full factorial and
block designs were rejected because the crews are "nested" within firer
vehicles, since the effects due to.crews are restricted to a single level
of the firer vehicle factor.

A split-plot design has much in common with a nested (or partially
hierarchial) design. The term split-plot comes from agricultural
experimentation in which a single level of one treatment tis applied
to a relatively large plot of ground (the whole plot) but all levels
of a second treatment are applied to subplots within the whole plot,
The analogy of the survivability experiment with the split-plot concept
is illustrated utilizing Phase I - Part A factors.

1Wlner, B. J., Statistical Principles in Experimental Design,
McGraw Hill, 1971.
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Each of the twenty crews (selected from the total population
of tank crews) are analogous to the whole plots. The four levels of
factor F (firer vehicle) are applied to the whole plots (i.e., five
crews (whole plots) are assigned to each firer vehicle). The subplots
consist of the twelve treatment levels derived from the three courses
and four speeds per course. Note that each of the twelve subplots
"(speed-course treatment levels) are run in every whole plot (20 crews),
a requirement for the split-plot design.

The following assumptions are made regarding the split-plot designs
used for all of the survivability experiments in Phase I.

1. The firer vehicle factor and all subplot treatment factors
are fixed effect factors.

2. The plots (crews) are a random sample from a specified
population of plots (crews). Thus, the crew factor is Tree as a
random effect factor.

NOTE: The implication of considering crews as a random effect factor
is that conclusions drawn from the experiment will be relevant
to the domain of all crews and not just to the particular ones
selected for the experiment. In contrast the implication of
considering firer vehicle, course, speed, etc., as fixed effect
ractors UImly that conclusions from the experimental analysis

. will be relevant to the specific treatment levels of these
factors.

A usual requirement in a split-plot design is that the assignment
of treatment levels (speed-course) be randomly assigned to the subplots.
Since data will be collected simultaneously on the four firer vehicles
for each crew, complete randomization within each plot is not possible.
The writer's opinion is that this fact will have no real impact on the
analysis for the following reasons:

* .1. The primary reason for randomizing the order in which treat-
ment levels are applied is to eliminate a systematic uncontrolled
variation which is especially Important if the same subjects can
identify patterns in the ordering. This problem is not present In
the survivability test since only one replication per crew is conducted
and the crews do not know the next treatment level to be presented.

5



2. Randomization is particularly important in physical science
or agriculture experiments where material deterioration, physical
attributes, etc., are important considerations. Also., randomization
is important when highly accurate measures of the dependent variable
are being made (such as in a chemical experiment). These problems are
minimal in the survivability experiments.

3. It should be noted that the ordering of the subplot treat-
ment levels will be randomized, but that the same order will be applied
to each plot (crew).

4. The survivability experiment represents a situation where
the physical considerations of experiment conduct must override. It
is important to realize the assumptions made in the design concerning
randomization, but the writer feels that very little will be lost in
the analysis due to this factor.

The general form of the Analysis of Variance (ANOVA) is given
be 1 ow:

DEFINITIONS

F1, 1 1, ... , 4 - Firer vehicles

Cm(i),m • I, ... , 5 - Crews within firer vehicle, i.

Tj J - 1, ... , n - Treatment levels for the subplots.(different

for each part of the test).
NOTE: For Phase I, Part A, these are 12 treatment levels made up of

3 courses (flank, oblique, and head-in) each rg at 4 speeds
(10, 20, 30, 40 MPH).

SOURCE OF VARIATION DEGREES OF FREEDOM EXPECTED MEAN SQUARE

BETWEEN PLOTS . . . . 19

F 3 + n a + 5n a2F

C (within F) 16 02 2+n

6



WITHIN PLOTS. . . . 20(n-1)

T (n-1) 72+ +

F X T 3 n + 5aOT + OIC

T X C 16(n-1) a2 + CC2
e TC

In the ANOVA presented above, the T X C interaction represents
the cross between a fixed and random factor. Because the subplots are
not replicated, no degrees of freedom remain for aC, the error term.

There has been much discussion concerning the assLmptions under
which a "mixed" intersection of factors (fixed x random) can be con-
sidered as part of the error term (which is assumed to be normally
distributed with zero mean and variance a2 due to uncontrollable
experimental error).

The assumption is made in this design (supported by discussions
in Winer) that the T X C source of variation be Incorporated as part
of G2. This assumption will be employed in all designs for the
appripriate parts of the survivability test.

It is important to note that the variance due to crew within
firer Is measured, but that crew interaction with the subplot treat-
ments Is considered as part of the experimental error (at).

FACTORS AND PROPOSED DESIGN FOR ANOVA

The following items are described for each part of Phase I of

the STAGS Survivability Test in this section:

1. Dependent variables to be measured,

2. Factors (independent variables) in the design,

3. The proposed experimental design model, and

7
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S'4. Layout of the ANOVA for each part, including the factors,
degrees of freedom, expected mean square, and appropriate comments
(Attachment 2).

NOTE: A table of definitions for all factors is given in
Attachment 1.

PHASE I - PART A

1. Dependent variables to be measured:

a. Time to lay on targets

b. Time to fire first rounds

c. Time between rounds fired

d. Number of rounds fired

e. Time to acquire target (gunner's acquisition)

f. Miss distance (horizontal and vertical) for each round

NOTE: Each dependent variable will essentially constitute a
separate ANOVA, but the same design will be used for each.
Only one target vehicle is used in I. A.

2. Factors (independent variables) in the design:

a. Firer (defender) vehicles (Ft, i 1,..., 4)

b. Crews on firer vehicle (Cj, j - 1, 5)1

1The sixth crew run described in STAGS is actually a rerun of an
originel crew to-measure training effect and will be considered In a
separate design if, in fact, a sixth crew run is made.

8



c. Course of target vehicle (Dk, k -1...,3)

d. Speed of target vehicle (Sp, t =

NOTE: There will be 240 data points measured for each dependent
variable.

3. Experimental Design

The design for I. A. is a split-plot design as are all
designs for Phase I of the survivability experiment. The subplot treat-
ment levels for I. A. (course and speed) will consider the speed factor
nested in the course factor. The concept of nesting speed within course
considers speed as a function of course, while providing the capabiltty;
of measuring theicurse main etect.

Xijka -M + F + C + D + S

+ FDtk + FSt•(k) + e(tjko)

NOTE: £ (.ik... the error term, is actually composed of the inter-
actions of Cj(V) with Dk and S *) as described in a previoussection.

PHASE I - PART B

Parts B and C of Phase I are identical except that different
tactics are considered. This report presents the designs as two distinct
experiments. It may be desirable, however, to consider them as one
design with an increased number of treatment levels for Tactics.

1. Dependent variables to be measured (same list as for I. A.)

9



2. Factors in the design:

a. Firer vehicle (Fi, 1 - ,.4)

b. Craws on firer- vehicle (C j

c. Course (direction of travel) (Dk, k *1,, 3)

d. Target vehicles (V . - 1,z..,6)

e. Tactics per segment (Tm, m - 1,2)
(acceleration/deceleration time)

There will be 720 data points for each dependent variable.

3. Experimental Design
This design differs from I. A. in the following considerations:

a. Two tactics per segment are considered. These tactics
are described by the length of time specified for acceleration/decelera-
tion on each half of the segment, and each half will be treated as a
separate trial for purposes of the ANOVA. The tactics are nested within
course in the proposed design for the same reason that speed was nested
within course in I. A.

b. Six target vehicles are played.

c. Target speed is replaced by the tactic factor described
above.

The split-plot design proposed for I. B. is as follows;

Xijktm - M + F1 + Cj(t) + Dk ' VA

"" Tm(k) +I F1lk " FitI + FTim(k) + DVkz

+FDV + FDV + FVTt

+ C(ijkzm)

10



PHASE I-PART C

1. Dependent variables to be measured are same as list for I. B.

2. Factors In the design:

a. Firer vehicle (Ft, I - 1,..*.4)

b. Crews on firer vehicle (Cs, J ,

c. Course (Dk' k - I,*...3)

d. Target vehicle (V , t - ,...,6)

e. Evasive tactics (Em, m I 1...,3)

There will be 1080 data points measured for each dependent variable.

3. Experimental Design

The design for I. C. differs from that for I. B. in that
the three levels of evasive tactics replace the two levels of acceleration/
deceleration tactics, and tactics are not nested in course.

Xijklm = M + F1 + Cj(t) + Dk + ' + Em + FDik + FVIt

+ FE 1m + DVki + DEkm + VE ,m + DVEkm + FDV k,

+ FOE V+R m + FDVE

+ 
1(ijktm)
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"1'l CONSIDERATIONS FOR ANALYSIS

, .,

Analyses of the designs are accomplished by running the ANOVA
as a full factorial design in a standard computer program (such as
SPSS) and manipulate the sum of squares. An example will Illustrate
the procedure.

Consider two factors, A at 4 levels and B at 5 levels (2
replications). A full factorial design would produce the following:

I. Xjk M + A + B + AB U + Ok(t3)

A : 3 df

B : 4 df

ijABij :.12 df

Ek(lj) : 20 df

If B were nested in A, the design is:

II. X M+A + B +
SMj(i) k(ij)

Ai : 3 df

B4 1) : 16 df
J C

ek(tj) : 20 dfi

Sum of squares - equivalence: !

S Model II Model I I

SS8 + SSAB

12
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DESIGNS FOR CREW CONSISTENCY

1. For each part of Phase I in the survivability test, a sixth
crew trial (which is a duplicate crew from one of the original five
for each firer vehicle) is currently proposed.

2. The designs for this analysis are the same as for the primary
experiment for each part, except that the degrees of freedom for crews
and for error are reduced.

3. Because of the reduction in available degrees of freedom,
the power of the fixed effect factor tests is substantially reduced.
This presents no real problem, however, since the objective of these
designs is to measure the crew difference effect.

EVALUATION OF AIM POINT DEFINITION

In conjunction with Phase I, Part A, it Is currently proposed
that the Twister vehicle will be run over one course at two speeds
without a clearly defined aim point. The design for this run is as
follows:

X1km - M + F1 + CJ( + S I+ FSt

+ iki

One of the original crews will be replicated yielding two data
points for each firer vehicle to give a very rough estimate of crew
variabi ity.
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ATTACHMENT 2

ANOVA and EMS FORSURVIVABILITY PORTION OF STABS TEST
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3. ANALYSIS OF VARIANCE
USING

STATISTICAL PACKAGE FOR THE SOCIAL SCIENCES (SPSS)

SPSS is a collection of statistical routines to assist in
data analysis. The program and sample output given in Attach-
ments 3 and 4, respectively, were run for a sample data deck of
X and Y miss distances made up for Phase I Part A of the STAGS
Survivability Test.

The output of the ANOVA in Attachment 4 is for X miss dis-
tance. It runs a full factorial on the four factors of firer
vehicle, course, speed, and crew. The full factorial analysis
is then manipulated into the split-plot design as described in
the ANOVA Proposed Analytical Plan section of the STAGS Progress
Report by Parry and Selvitelle dated 6 August 1975. A full dis-
cussion of the complete SPSS package is given In the following:

Statistical Package for the Social Sciences, Nie, Hull,
Jenkins, steilnbrenner, and Bent; Znd Edition, McGraw
Hill, 1975.

YqTE: The SPSS package may be run on the CDC 6500 computer
at Fort Leavenworth under Release 6.0.

The point of contact is:

Ms Cindy Parker
AUTOVON: 552-3121/4951

19
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ATTACHMENT 3

SPSS ANOVA PROGRAM LISTING
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ATTACHMENT 4

SPSS AJIOVA OUTPUT EXAMPLE
(Includes Wulh41p~e classiflcatlon Analysis)
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S.!'VA FLR STA(65 T7 ST

ILI: XYuFV (KRATIUN DAT% a 06/12/7b I ANUVA FOR PHASE 1 PART A

, * * * , *, ,=,'' * , A N A L Y S I S 0 F V A R I A N C E * * * , , * * , *

"XOEV X-DISTANCE OF ROUND FkOM AIM-POINT -MIL
PY FfitEK FIRER DEFENDER VEHICLE - 4 LEVELS

CUIjRýE TARGET COURSE -DIRFCTION OF HEADING - 3
SP[FOJ TARGET VEHICLE 4PcED - 4 LEVELS
CL•W CRFW UF FIRLR VEHICLE - 6 LEVELS -"bTH I4, 1 0 0 0 41 Of 0 Of 0 0 =o )d .8 = 8 • = = , 8 • 0 Of•

SUM UF MEAN S IGPNI
JURCC ,F VARIATILtN SQUARES DF SQUARE F UF

4Ii: cFECTS 932.,36 12 77.736 13.760 .OuI
F 1A"k 797,954 3 265 .985 47.083 .O0'
CCU,•SE 15.570 2 1.785 1 .378 .25;
SPL r 30.343 3 10.114 1.790 ,1I'
C R LW 38i."9b 0  4 22 .242 3,937 .00'

-WAY I• T.RA CTfJ I4 0 $ o01.32q 53 7.572 1.340 ,1I
F IKFK CLJL!R SE 75.610 6 12.602 2.231 .04'
F IER SPEL; V55.175 9 6.131 1.085 .36,
F IK,=KK CRrFW 76.612 12 b,384 1.130 .351
CrjRSE SPELD 18,645 0 3.106 .550 .99
ý CLP SE C idw 63,872 6 7.*984 1.9413 .20
SPLE, 111.E414 12 9.Ze5 1.643 .0'o

-WAY INTLRACTJUNS 565,795 102 5.547 .982 .99,
F Iv.,F I CUUR SE. SP Eu 92.5o5 b 5.1 44 .910 .99
F IKFK. CJ,'tk$: CRiw 170.351 24 7.099 1.256 ..22
F I kr'R SPlcf n LR • W 1b7.890 36 4o664 .826 .99'
CouJSE SPE.LD cRiw 134o969 24 5.624 .995 '49

•SI DUAL 4U6. 751 '72 5.649

ijTAL 2306.711 239 9.652

2u8 CASES Wýq L PRUCe SSt.
4tý CASES ( 1e.7 PCT) WERE MISSING.

24



"NOVA FLR STAGS TST

-"ILk XY!AV (CPL-ATILN DATE u 08/12/75 ) ANUVk FOR' PHASE 1 PART A

"' m* iU L T I P L 1 C L A S5S I F I C A T I1 N A i A L Y 5 1 5
X0F.V X-OISTANCE OF kOUND FROM AIM-POINT - MIL

bY FIRtR FIKFR OEFEtNDER VEHICLE - 4 LEVELS
CUUSL TARGiT CuURSE -DIRcCTILN OF HEADING- 3
SpF.ED TANGLT VEMICLE SPE;"D -4 LEVELS
CkF. CREW OF FIRLER VEHICLE - 6 LEVELS - 6TH I

'.RAND HfAN u 1. 6 ADJUSTED FKjR
AUJUSTED FOR INDEPENDENTS

LNADJUSTEO INDEPENDENTS + COVARIATES
"qARIAbLE + CATEMD,0Y UEV*N ETA DEV*N BETA DEV*N BETA

'IRLR

I 5"-T/NK 3.14 3.14
2 McOA1 -. '?5 -. 75
I ".,60 AI ý' 3 -1.2'3 -1 .2e

4 .TL 4-T RACKE R -1.11 -1.11
•.59 .59

.UU SL
I CLUNSTANT fR,4•NC. .35 .35
2 [vLIVUE -. 1U -. 10

S TRAIuHT IN' - .25 -025
* .08 .08

.; P E• O!
11U MPH -. 57 -. 57

2 2 ,.'~H ,1t .16

3 3L' !'IPH .. 01 .01
4 •'0 W, PH .40 .4•0

I CrAW• 1 .5,2 .52
2 C•F• a .70 .70
,3 Ck~i 3 .2• .,22

5 CR•Fh • . -.75 -. 7/5
•,.20 .2O

* UT IL| k ;UANEL .404
"ULTIPLL R• ,63

-. [I

-•.-.



4. MEAN VALUE DIFFERENTIAL ANALYSIS

To describe and fully document the Mean Value Differential Analysis
(MVDA) computer program developed for US Army Armor and Engineer Board.

OVIgVEW:

1. The purpose of the MVDA program is to compute the Grand
Mean and submeans (as well as submean differentials from the Grand
Mean) of data from an experiment of up to five factors. The current
program will handle up to six treatment levels per factor, but this
restriction is easily relaW through modification of the dimension
statements.

.. A primary use of the MVDA program is to facilitate the
preparation of graphical displays of the treatment level mean value
differentials for factor main effects and all interactions up to
fourth order (if desired). It is intended as a supplementary pro-
gram to be used after Analysis of Variance (ANOVA) has indicated the
significant factors and interactions of interest,

3. The MVDA program will give significant insights into the
particular treatment levels causing the variations leading to sig-
nificance conclusions in the ANOVA.

COMPUTER PROGRAM AND OLITPIT:

1. The computer program (see Attachment 8) has been written
such that all input requirements are documented'within the program.
It Is essential that the user understand FORTRAN Format statements
to utilize tile program.

"26

......................- ~ *dI4*~i MW~..*h. .... ~ ..... e...~.'..ww.....j,...



2. The program Is currently written for IBM FORTRAN in
that five and four dimensional arrays are used. In case It becomes
necesis-i to ex-'-cte the program under a FORTRAN compller accepting
no greater than three dimensional arras (e.g., CDC FORTRAN) thearrays will requT-e-appropriate 11neartzat10.

3. The input to MVDA consists of the following:

a. The highest level of Interaction terms desired (should be
one less than the total number of factors - Card 0010).

b. The number of treatment levels of each factor (assuring
that a one (1) is input for unused factors - less than five - Card
0012).

c. Alphabetic description of factors (four letters per factor -
Card 0014).

d. Dependent variable data in the formats indicated by Format
Cards 1010, 1020, 1030, 1040, 1050.

e. Cases to be run - (see Comment Cards after Card 0052 in
the program).

4. The output of the MVDA program is illustrated in Attachment
6 for a sample data deck made up for the Root Sum of Squares (RSS)
of X-Y mTistance -meters) for Phase I - Part A of the Survivability
subtest of the STAGS experiment (four constant speeds, three courses).
The Grand Mean of 4.961 Indicates that the overll RSS miss distance
was 4.961 meters. The main effect specified as Input was firer vehicle
(FIRE). Note that Vehicles 1, 2, and 3 were all abovo the Grand Mean
in performance, whereas Vehicle 4 did substantial "Ubtter (an RSS
miss distance of 0.857 which was 4.105 below the Grand Mean, Indicated
by a minus sign under "Differentiol from rand Mean").

To continue the example, note that Firer Vehicle 3 (whoso over-
all RSS miss distance was 7.100) did substantially worse on Course 3
(11.341). Note that the average of 11.341 + 5.952 + 4.006 for Firer
Vehicle 3 over all courses equals 7.100, the average over all treat-
ment levels for Firer Vehicle 3.

Continuing the example to the third order interaction terms,
note that Firer Vehicle 3 performance on Course 3 was worse at Speeds
1, 3, and 4 than at Speed 2 (although not significantly different).
Note that the average of 11.835 + 9.848 + 11.523 + 12.157 Is 11.341
(from Firer Vehicle 3, Course 3 in the Second Order Terms table). It
should be noted that the data presented In the Third Order Terms Is
averaged over the five crews on the firer vehicles.
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A

5. Another output of the MVDA program for the same data Is
given 'In Attachment 7. Note that the roles of Crewsiand Speed have
been interchang4d, gtiving insight e; to how the Crew Factor affects

- the Firer.-, Course i nteraction, - For example, Crew. 4 did the best
overall sfeds for Firer Vehicle 3, Course 3; while Crew 1,did the
worst (8.521 vs 13.965 under the Submean column).
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ATTACHMENT 5

MEAN VALUE DIFFERENTIAL ANALYSIS PROGRAM LISTING
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ATTACHMENT 6

'. MEAN VALUE DIFFERENTIA ANALYSIS OUTPUT EXAMPLE

FIRER - COURSE - SPEED - CREW
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ANALYSIS OF ORDERED FACTORS-- FIRE CRSE SPED CREW -

GRAND MEAN - 4.961

MAIN EFFECT FACTOR-- FIRE

LEVEL DIFFERENTIAL FROM GRAND MEAN SUB-MEAN .... ..-

1 1.199 6.160
2 0m768 5,729
3 2.138 7.91AO

4 -4.105 oM57

SECOND ORDER TERMS-- FIRE CRSE

LEVEL I EVEL O;FFERENTIAL
_ (FACTQR j)__IFACTOR 2). Q_._FNQ .N A? . L- t ... ..

1 1 1,489 6,45.
1 2 -0.456 4.505
1 3, 2.564 7,. 25
2 1 -1.443 3.519

* * 2 4,683__ ., - 1
2 3 4.025 8.987
3 . L. - -.. _ ,L0 55. . . , tO-Q-
3 2 0.991 5.952
3 - 3 6,379 11,34L..

4 1 -4.007 0.955
i 4 2 -4 108 0,854

4 3 -4.200 0. 762

COiPY AVAILt?','- 'IZ •.•-,D••,-copy
EPERIT FULLVLGSLPRDYI
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THIRD ORDER TERMS- FIRE CRSE SPED

LEVEL LEVEL LEVEL, DIFFEREN TI AL
-F"I'-I) (FACTOR 2) (FK--TOR 3 FROM',RAN6 MEAN SUB-MEAN

1 1 -1.313 3.648
1 1 2 1.111 6.073
1 l 3 " .952 6.913
1 1 4 4.205 9,166

2 4•" - - To
1 2 2 0.074 5.035
1 - 3 -6--o?-84A . ... .. 8. 0 * 9 . . .

2 2 4 0.394 5.355
1 3 1 1.327 6.288
1 3 2 3.317 8.278

3 3 .6 9 7.93 ?F
_ 1 3 4 2.643 7.604

2 1 1 -3.334 1,628
2 1 2 -2.186 20776
2 --- - -5 ,, il
2 4 0.787 5.748
2 2 -1-71 2

2 2 2 -1.297 - 3*664

S2 2 4 29200 7.162
2 1 0.709 -- I'O

2 3 2 1.050 6.012
2 . 3 3 5.720 10.682 -.....
2 3 4 8.622 13.584

j 3 1 1 ....... -- _n _38 ... 515 -
3 1 2 -1.562 3.400
3 1 . 3 1.-.. .......- 3 ..32 .. 3.-629
3 1 4 0.459 5.420
3 . . 0.. . .- • ,9 A• .-. ,,, 1 . - 6L"
3 2 2 0.853 5.815
3 2 3 ".547 .- -nA
3 2 4 1.459 6.420
3 3 2 . ... 8.6 9. 848
3 3 2 4e886 9o848
3 3 4 7.195 12.157
34 . 3 4. 71 .........- t.7 ..... l
4 1 2 -4.3179 0.642
4 1 32 -3.731 . 0...... 42
4 1 4 -3.244 1.717
4 12 L4 -3e244e)'. ... .

4 2 2 -3.952 1.010
4 2 3 -3.842 hiL9
4 2 4 -4.022 0.939

. . .... .. .3. .. .. 1 -4..62 5 .. 0, .3 6.4 3 2 -4.237 0.726
4 3 3 -49.27 0.812

4 3 4 -3.787 1.175
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ATTACHMENT 7

MEAN VALUE DIFFERENTIAL,-AMLYSIS OUTPUT EXAMPLE

FIRER - COURSE - CREW - SPEED

* I.
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ANALYSIS OF ORDERED FACTORS-- FIRE CRSE CREW SPED

GRAND MEAN 4 o.961

MAIN EFFECT FACTOR-- FIRE

LEVEL DIFFERENTIAL FROM GRAND MEAN SUB-MEAN

1 1.199 6o160
2 Qv768 . 50729
3 2.138 7.100
4 -4,.105.... .0 as..

SECOND ORDER TERMS-- FIRE CRSE

LEVEL LEVEL DIFFERENTIAL
.- (FACTOR 1) (FACTOR 2[ FROPM .P_ AN•S AU..

1 1.4R9 6, 0 O
1 2 -0,456 4e505
1 ... 3 .. .. 7.,5 _. ..... .. . . •
2 1 -1.443 3o519
2 2 -0y279 4683-
2 3 4,025 8.987
3 .... ,.. -0,r _ A U . .... A M Ao_
3 2 0.991 5.952
-3 - 6,79 113.L 41
4 1 -4.007 0.955
4 .- 4@108 0.854
4 3 -4.200 0.762
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THIRD ORDER TERMS.-- FIRE CRSE CREW .

,. L VELEVE _VL O.FFERENTIAL
-FACTORl) (FACTOR 2) (FACTOR 3) FROM GRAND MEAN SUB-MEAN

1 1 2 0.485 5,446
3 2 o.292 7.254

114 00690 5.651

2 1 -0.017 4,945 - -

1 . - 23.0
1 2 3 -0.395 4.566

1 2 5 0.268 5.230
3 1 4.054 9.O16

13 2 4*934 9.0895
. S 3 2.408 ".370

1 - - 3 4 0.477 __5.438 - .

2 .. . 1 1 -o.78 4.
""_.ý _ 10618 3. 34;F•"

2 1 3 ___ -0.730 4.232
21-
2 1 5 -1.6858 3.103
2 f .0735 ToV9-

Alai c

mLLY OUR&.m ,
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2 2 2 -09134 4,827
-.. .2 ... I. - -. _ __-_ - - _ _, ..

2 2 4 -0.239 4'722
J 2 z. ._5 ...... ." 0. 1'. -. - . .. 3 380

"2 3 1 6.855 1.817
2 3' -.- z . .. 3&9.43.... L 4
2 3 3 3.506 8.467

2 3 3.330 8.291
3 1 1 -1.492 3.469
3 1 2 -1.790 3.172
3 13.. - -1.600. -....-. L36L-
3 1 4-0941 4'021
3 L ....... . ... .... • . A 7...
3 2 1 1,146 6,108
3 2 2 10939 .... 60901
3 2 3 1.408 6.370
3 4 -2.. ... 4.. 6 .
3 2 5 0,587 S5o48
3 _1 9_D03 13,965
3 " 2 6,505 11.4663 3. . . . .. . -. .... . ... . t, +• ... .... . J •
3 3 4 3o560 8,521
3 3- 5 .6.. 424 .

4 1 1 -3,958 1,003
4 __.___ 1 2 -4.222 . 0.739 .

1 3 -4,174 0,788
4 1 4 -- *79..... ..... -. 7 .5 . .bJA7
4 1 5 -3,884 1.077
4 . ,1 -4.317 0.644
4 ,'F I ' T '17"IFI V. !Io -4.050 0.9124 , . '-3.',JIH'• +1Ud -3.946 1,016
4 IU%. A'tAi~ 4 ~ 066 0.8952"_ , -4:4160 0.801

-.... •,3- L -4.087 0.87
_ 4 -3 2 -4.352 0.609
4 3 3 -4.196 0.78s

43 4-413
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5. STRING STATISTICS PROGRAM

The computer program listed in Attachment 8 accepts as
input a string of numbers (positive or negative) and a single
number, ASPLIT. The string of numbers ti divided into two
groups as follows:

Group 1: All input numbers less Ihan ASPLIT.
Group 2: All input numbers greater than or eu a ASPLIT.

The output of the program (see Attachment 9) consists of
the mean, variance, and standard deviation of the total string,
absolute value of numbers in the total string, Group 1, and
Group 2. In addition, a.couhteris provided of the number In
each category.

The primary usefulness of the program for USAARENUD is toprovide Initial insights into the nature of data gathered from

an experiment. The sample output in Attachment 9 represents
288 data points on X-miss distance example deck. The value of
ASPLIT was 0 for the example.

_M UT: The program is currently written in FC AN formatted
for the CDC 6000 series computer.
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* si;~±~STATISTICS PROGRAM LISTING
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P~RuGRAX STASTA (INPUI,uUTPJTTAPE~uINPUTTAPE6sOUTPUT)

I I.RUGkAii STHkI NG- S1ATI CT ICS5

THI. kJRMACPSA INPUT A STRING Of REAL NUMBERS (UP TU 2000-CURRENTLY
(ADJUST 1000 FUjfMAT IN ACCLRDANCE WITH DATA LOCATION ON'CARD).

*..THL STRING IS UIVIVJED INTO TWO GRflUPS:
ASPLIT a THE BASE NUMbER USED FOR THE SPLIT.

.* GRLIUP-1 AR~E ALL NU1MBERS LESS THAN ASPLIT.
GkOUP 2 ARE ALL NUM8EkS GREATER- THAN OR EQUAL TO ASPLIT.

uUTPLJT IS AS FULLnhst

1. MFAI'¼VARIANCkvSTANDARD DEVIATIUiNtAND TOTAL NUMBER FOR GROUP 1.
2. )AME AS 1. FOR GROUP 2.

~.SAMFI AS 1. FOR OVERALL INPUJT STRING.
4..,, SAt4E AS.,j!_* FUR .U .UT VA.LUE .UP INP.UT STRIO.Nj....

R tI.TT EN 6dY SAM PARRY, ARMOR BQARD, FORT KNOX, 28 JULY 105S

INITIALIZATIOJNS. IIUU

-. ATSOvO,
POSTUTwC.

0LN GaO

INPUT STRI N6-; LAST LIAT A C4RO MUST BE' 9-999099999.

K fA 0 (5 11 U 5U) A SP LI T
IUSU FOI(MAT(F1O.O) -..-- ___

SU' C i0TI NU F
KFAD(S 11000 )AIN11).......

luOU F~lAMAT(2QX#FlO.O)
IFtAINIfl.okQ*999999999.)GOTO,5OO
ATuT3ATCT + AIN([
ATSQsATSW~ + (AIN(1)9*2).........___. . .

A14STLTmAlOSTUT + APS(AIN(I))
-~IF(AlN(I).LT.ASPLIT)GOTO100

POSTUT-PdST-OT + 'AIN I I

IwPlDSsNPOS + 1

100 CONTINUE
SbNtOTabNtGT + AlillI
BNEG.SO@ ONEGSW + tAIPk(I)*'2)
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iiLGaNtNEC, 1

(PT C50

* e~AMiANuAL70/1
AV4Rs(AT,)C/J) -(AMEAN*02)

K' I-PtlEANm Pý;STT/NPL5
PPVAkw(PUSSQ/NP!nS) - (PPMEAN'*0)
LiN(-;ANuetNEGT/Nt~fG
M~sF44S/~G - (BNME.AN.*.2)
A~'4ISAeSTU T/!
A8SVARs(ATSQ/t) - (ABSMN*021
A ST flSQ RT(A VAR )
PPSTCmSCRT( PPVAR)

A~kSTDo SORT ( A9S VAR)
w~iTE(b6,00OOASPL1T

2QPQ( F0lKMAT(WIl,2QX,,,NEAP'VAftIANCf ANALYSIS CI' INPUT SYRING",
*ý X 9 "ASolL IT a ,F 12 o4 t// / /20X t
I"%%u. flF CASES INEAN VARZANCE STANDARD DEVIATION")

WR1T%(b ,aoo )ltAhEANtA VAR A STD

wikiT(btioO)IALSMNvA8SVARA8SSTD

?tOU F ;M.AT(/1Xs"CoRCJLW 2#ttX,3(E12o4tIX))
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* STRING S-TATISTICS OUTPUT EXA1MPLE
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6. ANALYSIS OF APPARENT AgCELERATION AND APPARENT VELOCITY

OF A MOVING.TARGET (Part I)

1. PRODLEM DEFINITI011:

Determine the sensitivity of apparont acceleration to the
tracking vehicle in near and far range cases for a moving target
vehicle.

2. APPROACH TO THE PROBLEM:

a. An analytical formulation of the problem was Investigated.
An attempt was made to express e, the angle from the tracking
vehicle to the, target, in Polar coordinate form as a function of
i o target's Acceleration, initial position, and tim given In

artesian (X, V) coordinate form. The second derivativi of 9
wfth respect to time is the apparent acceleration (expressed in
radians/second squared) of the target relative to the tracking
vehicle.

This approach yielded a rather "mossy" formulation of the
apparent acceleration, one which would require additional work
"to solve.

b. The approach used to generate the results was to
desigg a computer program which generates the value of e, Ah,
and A e for 0stall" time Increments along the path of a moving
target. The current program Is capable of generating results for
any target movement speed, acceleration deceleration combinations
at any specified Y-range from the trackIng vehicle and any
specified starting point in the X-direction.

Ans The program represents all target vehicles as moving with
a constant Y-distance from the tracking vehiclel(flank).
Other target vehicle movement directions (such as oblique,
sinusodial, etc.) can be represented by determining the
equivalent values of a for the crossing course and adjusting
the speeds and acceleration inputs appropriately. An
example of the equivalence is shown in Figure 1. Note
that by approlrate inputs of acceleration and starting
position on the crossIng course, the oblique course is
exactly represented s i
of Jc: a ra ono1 1

49
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3. •SI.YS1S OF THE PROOL.IJ

Apparent acceleration and apparent velocity analyses conducted
to date are presetited in Exivlbits I thru 12 attached. These cases
are briefly described below.

a. Exhibits I thru 4 ,iescribe the apparent acceleration
(apparent velocity described In Exhibits IA thru 4A) for an
acceleration in the X direction of M lf tr/,seghnd . Each
exhibit presents the results of apparent acceleration (velocity)
versus time for five ranges (500, 1000. 2000, 3000. and 4000
maters In the Y direction) for a specified target starting point.

Four target starting points form the basis for each
exhibit:

1) Start to the extreme left of the tracking vehicle.

2) Start such that the target vehicle crosses X a 0
at the mid-point of his movement.

"3) Start at X v 0 and move right.

4) Start to the vxtrem right of the tracking vehicle.

LIW: Each of the runs madA for Exhibits I thru 8 was
terminated when the target vehicle reached a maximum
velocity, VMAX, specilied by input to the program for
each case.

b. Exhibits 5 thru 8 present apparent acceleration results
analogous to Exhibits 1 thru 4 exrept that the targe, vehicle Is
accelerating in the X direction V' two materL/secMs2g. (No apparent
speed curves are presented for thelse cases).

c. Exhibit 9 presents a des,:ription of apparent acceleration
versus tim for three acceleration.; of the target vehicle (one.
two, and four meters per second') At a Y-range of 3000 meters,

d. Exhibit 10 presents an analogous description to Exhibit
2 for a Y-range of 1000 moters.

o. Exhibits 11 (for apparent acceleration) and 12 (for
apparent velocity) present the acceleration (or velocity) versus
tim for the following cases at a Y-range of 2000 moters and a
crossing target pattern analogous to Exhibit 2:

5
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(1) Accelerate at two mntors/second 2 from an initial velocity
of zoro to 32 motors/second and maintain a 32 metor/second constant
velocity for the duration of the 50 second run;

(2) Start at and maintain a constant velocity of 21 moters/

second for the 50 second run;

(3) Start at an Initial velocity of 10 mators/second.
accelerating at 2 moters/second for 5 seconds then decelerating
at 2 mnters/second for 5 seconds, and continuing this pattern for
50 seconds.

4. GONCLUSIM3

a. No attempt ties been made by the writers to draw any
conclusions from the analyses presented terein.

b. Additional analyses will require specifications of the
interaction of apparent acceleration and velocity of the target
vehicle to the tracking vehicle with other factors contributing to
probability of hit (and ultimately to survivability) of the target
vehicle.
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7. ANALYSIS OF APPARENT ACCELERATION AND APART ELf&OCITY,

OF A ROVING TARGET (Part I)I

I"

The ahalyses presented in this paper represont a substantial
extension of the cases considered in the initial report dated
24 July 1975. The current version of the program to copute apparent
acceleration end velocity (hereafter referre4 to as PAPA) is capable
of •ipresenting a moving target in the following modes (see Section
III for a complete description of PAPA).

1. The target may move at any speed, accelerating and decal-
erating in any specified manner along the movement trace.

2. The target can move along a straight line path in any
direction relative to the firer.

3. The target can move along a sinusodlal path oriented in
any direction, with the capability of changing the amplitude for each
full period of the sine wave.

4. The target can move in three dimensions (straight line in
the X-Y plane) varying the heighth in any specified manner along the
movement trace. This model is well suited to representing aerial
vehicle movement.

Over sixty production runs were made for the current study.
Only a few selected runs are graphically portrayed in Section 11.8.
These runs were selected to indicate the magnitude of the differences
in apparent acceleration and velocity for various courses, speeds,
and tactics. A table indicating all of the production runs made Is
given in Section II.A.

In general, cases were selected to indicate the effects of
target speeds and accelerations for specified courses and movement
patterns (Figures 1 - 7 in Section 1I.B.) Next, cases were selected
to indicate the effects of target movement patterns for specified
courses and target speeds (Figures 8 - 13 in Section 11.8.)
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OBSERVATIONS AND CONCLUSIONS

1. As of this time, no actual tracking data has been received,
although I should be receiving some in the near future. Note, however,
that tracking data (from HEL) is based on constant speed, straight
line targets, which present minimal tracking problems relative to
apparent acceleration and velocity. In general, I question whether
or not tracking data obtained on the ranges for constant speed, straight
line targets indicate realistic tracking performance for combat situa-
tions.

2. The following observations are made relative to Figures 1 - 7
in Section II.8. (with target speed and acceleration as the variable on
each graph).

NOTE: The reader should be careful to note that the vertical
scales for each graph differ significantly in qmny cases.

a. The general shape of the curves are the same for 2,500
and 1,000 meter flank view (as expected). Two primary differences are
noted:

(1) The maximum (and minimum) values are 2:1 for 1,000 vs
2,500 meter range, straight line route and 3:1 for sinusodial patti-in.

(2) The changes from accelerating to decelerating (and
vice versa) are more abrupt for the closer ranges.

NOTE: As always, we are faced with the decision as to what
magnitude of change is significant. I am hopeful that
the STAGS Test will provide data to shed light on this
problem. I have covered this point later and also in
my proposal for future Work.

b. The sinusodial pattern results in very changeable
apparent acceleration curves, even for constant speed targets (see
Figures 4A and 5A). The associated apparent velocity curves, especially
for the closer range case, would appear to present a severe tracking
problem. Note, from Figure SA, that the target movement pattern
(sinusodial) causes large changes in apparent acceleration. The effect
of the faster speed compresses the curve, but even M60 speed (Case 28)
may present a significant tracking problem.
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c. Consider the head-on case In Figures 6A and 6V.First, note that PAPA determines and prints out each time the
turret changes directions (see Figure 6V and the sample output
in Section- I1).__It.appears to me that the firer would have a
very difficult time tracking th-i-faster veMcle, especially con-
sidering the frequency with which the turret must pass through
the zero point (every 5 seconds against the fast A/D vehicle).

3. The following observations are made relative to
Figures 8 - 13 in Section 11.8. (with target movement pattern as
the variable on each graph).

a. The sinusodial pattern in Figure BA (2,500 meters -
flank for the M60) indicates a somewhat more difficult target to
track. We must keep in mind, however, that all of the curves
represent tracking required to stay on the target 100 percent of
the time. This fact brings up a very important (and unanswered)
question: How much degradation In probability of hit results as
a function of the percentage of time the tracker is actually laying
on the target during the tracking period? Also, when will the
gunner cease to track and employ ambush tactics, and what Is the
resulting degradation in hitting performance?

b. The sinusodial pattern in Figures 1OA and 11A
indicate the order of magnitude increase In apparent acceleration
from a fast target that is maneuvering. This concept is obvious,
but the order of magnitude difference was not obvious (at least
to the writer).

c. In my opinion, the futility of obtaining tracking
data (at least as regards apparent acceleration and velocity) only
for constant speed, straight line targets is vividly il1ustratide
in Figures 12A, 12V, 13A, and 13V. Note the impact on apparent
acceleration for a target moving in a sinusodial vs straight line
pattern for a constant speed target of 15 meters/Wecond.

PROGRAM APPLICATIONS AND FUTURE STUDIES

1. Several future applications for PAPA, especially regard-
ing the STAGS Test data, are proposed in MFR, SAM H. PARRY,
27 August 1975.

71



A.1

2. The program may be useful In determining design
characteristics for future turret and fire control systems.

3. The program can be used in conjunction with existing
lead angle determination prografsto analyze the-desired char-
acteristics of a leaed.cogtr in the fire control system.

- 4. The incorporation of Intervlsibility segment length
data would indicate the amount of time (and distance) a tracker
would have available for tracking. The appropriate segments of
the apparent acceleration and velocity curves could be used to
analyze the feasibility of maintaining a reasonable track during
the segment.

In my opinion, this paper scarcely scratches the surface of
determining the effects of apparent acceleration and velocity on
survivability. The one fact that seems apparent, however, is that
mobility and agility must have a substantial impact on hitting
performance. The utilization of PAPA, in conjunction with actual
field data and as a potential tool for tank design analysis, seems
to be indicated for future studies.
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TABULATION OF COMPUTER RUNS

SECTION II.A'

NOTAI1"N FOR CASE NUMBERS - (TACTIC)

Case 1: Straight Line Movement

Case 2: Slnusodtal Movement Path
Case 3: Three-Dimensional Movement Path

LETTEgR FOLLOWING CASE NUMBERS - (COURSE)

A, AA, AAA: 2500 Moters - Flank View
Bs B, BBS: 1000 Meters - Flank View
C, rC, CCC: Straight-In Route - 1000 Meters Offset from Firer
D, WD, DDD: Straight-in Route - Directly Toward Firer
E, EE, EEE: Oblique Course Relative to Firer

NUIBER OF LETTERS FOLLOWING CASE NUMBERS - (SPEED)

Single Letter: Accelerates at 1 Moter/Second 2 , decelerates
at 2 Meters/Second 2 , with speeds from 2 to
10 Moters/Second (Simulates M6O Tank).

Double Letter: Accelerates at 2 Meters/Second 2 , decelerates
at 3 Meters/Second 2 , with speeds from 5 to
25 geterl/Second (Simulates Highly Mobileand Agile Vehi~cle).

Triple Letter: Constant Speed of 15 Meters/Second.
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APPARENT ACCELERATION
AND

APPARENT VELOCITY
GRAPHS

SECTION 11.8

NQTES REGARDING THE GRAPHS

1. Figures IA, IV through 7A, 7V, indicate differences due to target speed
and acceleration for a specified course and movement pattern.

2. Figures SA, 8V through 13A, 13V, indicate differences due to target

movement pattern for a specified course and target speed, acceleration.

3. All figure numbers ending with "A" are for apparent acceleration and
those ending with "V" are for apparent velocity.

4. For apparent velocity curves, positive values indicate turret traversing
to the right and negative values indicate turret traversing to the left.

5. Case numbers refer to the table in Section II.A.

6. CAPTION NOTATION ON THE GRAPHS

a. Target Speeds

SLOW A/D:
Acceleration/Deceleration constants are (+1. -2) meters/second2 .
Minimum and maximum speeds are (2, 10) meters/second.

FAST AID:
Acceleration/Deceleration constants are (+2, -3) meters/second 2 .
Minimum and maximum speeds are (5. 25) meters/second.

CONSTANT SPEED:
No acceleration/deceleration
Maintains constant speed of 15 moters/second

b. Movement Pattern:

STRAIGHT LINE:
Start and end points of the move as Indicated in the caption.

SINUSODIAL PATTERN: (See diagram on next page)
Amplitude: 35 meters
Half period distance: 75 meters
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SECTION III.

DESCRIPTION OF LOGIC AND INPUT REQUIREMENTS
FOR ANALYSIS OF APPARENT ACCELERATION

(PROGRAM PAPA)

The computer program (PAPA) which computes 4o (apparent
velocity) and &20 (apparent acceleration), is capable of com-
puting these values for the following cases of target movement.
Each case can represent the target

a. at any X-Y starting position with any initial velocity,

b. accelerating/decelerating during the movement trace
until reaching specified maximum/minimum velocities or reaching
the specified final position.

NOTE: A listing of the program is given in Attachment 10 and

a sample output in Attachment 11.
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CASE I A. Target moving such that Y distance to firer
remains constant at any initial (X, Y) position.

11

L. I

FIGURE 1

CASE 1 B. Additional straight line movement. (Includes

- - oblique - any specified angle).

FIGURE 2
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CASE 2: Sinusodial movement patterns.

CASE 2 A.

I

FIGURE 3

CASE 2B.

I .,
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, /

/
EXAMPLE OF SINUSODIAL MOVEMENT

FIGURE 5

EXAMPLE FOR CASE 2

Consider the example in Figure 5.

The equation of the target movement trace is

X* - A sin (y*)

where

X* - the X* coordinate translated to (XF, YF) and
rotated such that the sinusodial axis becomes the Y* axis;
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A = amplitude of the sine wave,

y* the y* coordinate of the translated and rotated
coordinate system (in radians relative to the sine wave).

The movement path along the sine wave is generated by
dividing 2n radians (one full period) into "small" fixed
increment angles, represented by y*. The corresponding rotated
and translated coordinate value in meters is noted by Y*. The
shape of the sine wave is determined by inputs of AMP(J), the
amplitude for the JTH period, and B, the distance (meters)
between each crossing of the Y* axis (half-period distance).

For each fixed Ay* interval, the (X*, Y*) position on the
movement path is computed using a straight line pattern from
the previous point on the sine wave. Thus, a piecewise linear
movement pattern is fitted to the actual sinusodial pattern,
but the values of o, AO, and 62o are computed from points on
the sine curve. The approximation may be made as close as-
desired by selecting "small" &y* Increments.

The inputs required for the straight line, sinusodial, and
three-dimensional patterns are given in a subsequent section.

CASE 3 - THREE DIMENSIONAL PATTERN

The three-dimensional movement pattern moves the target on
a straight line path in the X-Y plane. The target's movement
in the Z direction is controlled through input data (defined in
the next section).

In general, the X-Y distance between Z heighth changes is
fixed. Note, however, that the heighth at each change point, as
well as the acceleration/deceleration between heighth changes,
may vary for each segment.

The values of AO end A20 represent the appropriate rates

of change of 0 in three dimensions (as opposed to the change Inthe X Y plane or the change in the X Y - Z plane only). Thus,

Ao and A2 e represent the total apparent acceleration and velocity
values relative to the tracker.
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F.

NOTE: The THREED routine may be utilized to represent anI aerial vehicle as well as a ground target movement
trace.

INPUT REQUIREMENTS FOR PAPA

A. Straight line movement (Subroutine STRAIT).

1. (XI, YI): the target's initial position (meters).

2. (XF, YF): the target's final position (meters).

3. VI: initial velocity of target at (XI, YI)
(meters/second).

4. AA: acceleration (meters/second 2 ) when target is

accelerating.
5. AD: deceleration (meters/second 2 ) when target is

decelerating.
6. (VMIN, VMAX): minimum and maximum velocity of the

target during the movement trace.

7. TINC: the time increment used for computation of
apparent acceleration and velocity.

B. Sinusodial movement (subroutine SINMOV),
1. (XI, YI): the target's initial position (meters).

I..

2. (XF, YF): the target's final position (meters).

3. AMP(J): the amplitude of the sine wave (meters) for
the JIH period.

4. B: the distance (in meters) between each crossing of
the Y* axis (see Figure 5).

5. VI: the initial velocity of the target at XI, YI
(meters/second).
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6. AA: the acceleration (meters/second 2 ) when target
is accelerating.

7. AD: the deceleration (meters/second 2 ) when target
is decelerating.

8. ANGD: the value (in radians (0 - n)) at which the
target will begin decelerating (points I in
Figure 5).

g. ANGA: the value (in radians (0 - n)) at which the
target will begin accelerating (points 2 in
Figure 5).

NOTE: Values such as ANGD a- and ANGA - might be
appropriate, depending on AMP(J), B, and V. These
values would begin slowing the target for the turn
about two-thirds of the way to the peak of the curve
and begin acceleration at the peak of the curve.

10. IANG: the fixed increment for computing target move-
ment (number of increments per 2 n period).

11. NPER: number of periods in the movement pattern.

NOTE: The distance between the inputs

(XI, YI) and (XF, YF) must equal

2 . B • NPER.

12. (VMIN, VMAX): the minimum and maximum velocity of the
target duri,,g the movement trace
(meters/second).

"C. Three-dimensional movement (Subroutine THREED).

1. (XI, YI, Z1): the target's initial position (meters).

2. (XF, YF, ZF): the target's final position (meters).
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3. VI: initial velocity of target at (XI, YI)
(meters/second).

4. (VMIN, VMAX): minimum and maximum velocity of the
target during the movement trace.

5. DZINC: the increment of distance traveled in the
X-%' plane at which a new Z heighth of the
movement path is specified in ZH(I) (mcters).

6. NNINC: the number of DZINC increments in the total
movement path (maximum of 200 increments).

NOTE: NNINC - (XF - Xljz + (YF - YI) 2

DZINC

7. TINC: the time increment used for computation of
apparent acceleration and velocity.

8. ZH(I), I = I,...,NNINC: the Z heighth of the movement
path (positive or negative)
at the end of the ITL
increment.

NOTE: Initial heighth is inptt for ZI.

9. AC(I), I l,...,NNINC: the acceleration (or deceler-
ationi when moving from the
(I-IST to the ITi point
(corresponding to ZH(I)).

NOTE: Care should be taken to assure that reasonable values
of AC(I) are specified for up-slopes and down-slopes.

NOTE: If constant oscilations between two heights (and con-
stant accelerations over each increment) are desired.
the following inputs are made:

a. Input NNINC - 0

b. Input ZH(l) as the heighth for the end of the first,
third, fifth, etc., increments.
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c. Input ZH(2) as the helghth for the end of the
second, fourth, sixth, etc.. increments.

d. Input AC(l) and AC(2) as the appropriate
accelerations when moving toward ZH(l) and
ZH(2), respectively.
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ATTACHMENT 10

PROGRAM PAPA

FORTRAN SOURCE LISTING

621
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PROGRAM PAPA (11% JT,OUTPUTtTAPE5'INPUTTAPE...OUTPUT)

C PROGRAM PAPA
C APPARENT ACCELERATION AND VELOCITY

*C
* C DESIGNED E PR04RAMMiED BY-SAM He PARRY# NAVAL POSTGRADUATE SCHOOL

C
-C-.--------'*FOR-USAARENBD-FORT KNOX---- -AUGUST -1975-~.
C

DIMENSION AMP115)
COMMON TH(400)tTHXYL(',OO),DTH(400),DDTHf4001

.10 -CONTINUE.--
C NCASEal -STRAIGHT LINE M4OVE, s2 -SINUSODIAL.MOVE, 3 a 3D MOVE

READ(5o900)NCASF...- -

900 FORMAT1JI)
IF(NCASE.EQ .OISTOP
DTH (laO.

* UDTH12)mO.--.....--
DDTH(1) .0.

* IF(NCA5E*GTel)GOTGO10
kEAD (59910) XIY IXF ,YF, VIVM INVMAX ,AA, ADT NC

910 FORMAT(4F1O0p6F5.0) - --

WR ITE (69,1500 )XI ,YI, XE ,YF, VIVMIN, VMAXAA ,A~o .INC
.-15O0-*FORMAT(1Hl,2OX,"$APPARENT-ACCELERATION-AND VELOCITY ANALYSIS",P//t

4 *20Xil'TRAIGHT LINE TARGET MOVEMENT",///
* I - 115X01INPUT DATA',///,1OX,"INITIAL-POSITION (XIPYI) "pF$.lt1Xi

2F8.It//1OXtllFINAL POSITION IXFtYF) ',FS.1tiXtF8.1 ,//l0X,
31INITIAL SPEED (VI- M/S) 11 tF7. *I//IOX,........
411MIN AND 4AX SPEED (VMINVMAX) ',tF791,1XF7elq/I1OXt

5"ACELRAT ION/D EC ELERAT 1014-CONSTANT S -M/SEC-SQUARED) " -

6F7.1 ,1X9FT.1 //1OXtflTlNE INCREMENT ,tF7o4)
WRITE(6pl0I0)- ---

1010 FORMAT( ///Xt"INCREMENT XC',SX?"YC',9X?"SPEEQ',ZXp
61'ACTUAL. RANGEllp5X, -

1"IANGLE DANGLE DDANGLEII/1X)
SCALL STRAIT (XI, tYJ XFtYPfVI VMI-N-vVMAX-vAAvADtT INCJ F . .

GOTOIO
10CONTINU~E -

~h1I IF(NCASE.GT .2)GOTO15O
READ(5t920)XItYltXFoYF#VI#VMINtVMAXPAAtADiBANG9tANGAtNPERtIANG

920 FORMAT(4F8.0,8F5.O,214)
REA D(5 t930) KINCt(IAMP-l(I-) tKI-.-1,K INC)--- -

930 FORMAT(I5,1SF5.0)
WRITE(6,l600IXIYlXF#yFVIVMINVMAXAAADANGDANOANPERtIANGB

1600 FORMATTIHI,20X911APPARENT ACCELERATION AND VELOCITY ANALYSIS"t//t

120Xt'ISINUSUDIAL-.TARGET-MOVEMENNT",///,

511MIN AND) MAX SPEEO-(VMINPVMAX) ",F7&1,1Xtr-7.1iI/X9
6"ACCELERAT19)N/DFCEI CRAT ION CUNSTANTS (M/SEC SQUARED)

.-- 7F7.llXF7.1,//1OX,"DECELERATION* POINT -IN THE PERIUD(RADIANS) t*
OFS.4o//1OX,"ACCELERATTON POINT IN THE PERIOD(RADIANS) "oPS*4t//
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910Xt'INUMBER OF PERIODS IN THE MOVE 9,491//IOXt
*,#NUMBER UF INCREMENTS PER PERIOD',1l4v//I0X,
*#$HALF-PERIOD DISTANCE S9,F?.11

WR I TE(b 91012)-
1012 FORMAT( ///X,"I NCREMENT xC,e,8Xq,eYC¼t9XpSPEEDZ2X

*"'ACCELERATlON'S.2X,S'TIME'¼3Xm6ACTUAL RANGE"t5X,,
llANGLE DANGLE ODANCLE",I/1X)
CALL S INMOV (AMP tB,9XIY I tVI1,AA,9A D AN GODAN6A I1ANG ,NPE RXF tYF p
IVMAXtVM IN)

-G TC1 - - - .-. .

150 CONTINUE
IFf NCASE.GT.3)STUP
READ(5, 975) XItY I 9ZIXFPYFtZFtVI VMINtVMAXtDZINC#NNINC#T INC

95FORMATI6FB.O,'.F5.O.?XtI5,F5 .0)
CALL THREED (XIpYltZ I XFvYF tZFtV I VM INtVMAXvOZINCqNN INCtTINC)

GOT01:*

EN
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c

------SUBROUT-INE.-STRAIT(XIY1.,XFYFVI-,VM!NVMAXtAAPAOTINC-)
COMMON TH(400)tTHXYZ (400) ,DTH(400OotDTgl(40)

AC-AA
---XC LmX --X. I .- . . .

YCLsYI

OTRAV-0.
OTUT*SQRT((XF-XI)0.z +lYF-YIl**2)
TEMPa(YF-YI )/DTOT
-TAMPu(XF-XI I/DT0T----_.

50 CONTINUE
----IF( VFL *GE.VMAX) AC&AD-..---..

IF (VFL ,LE'*VMIN) ACvAA
..IF(DTRAV*GE.TOTa)GOTozo 0--
XCu4ACOTAMP'*(TINC*02fl/2. + (VFL*TAMPOTINC) *XCL
YCalAC*TEMP*(TINC**2))/2* '(VFLOTEMP*TINC) + YCL
DTR-SORT((XC-XCL)ea2 +(YC-YCLJ**2)

-.--.------DTRAVvOTRAV + TR-- ..-.. ,-

COSTHmXC/DFT-........ . -- .

VF-AC*T INC + VFL
.........I F (AS (CUST H) G T. I I -G 0TU23 0----**-. . .

TH(J)vACOS(CUSTH)
------ I F (I 1.LE-i ) G0TOl0---------.----.............-

DTH(I )x(TH( r)-TH(I-I.ll/T~lNC
.......- DTt4I(I ) ASS iDT ( I). -1 -- ~----- -

I FI I ALE'92)GOTO1l00
DDOTHI4I m(DTHI.I )-DTH (1-1 l/-TINC-.

120FORMAT(SXt14t6X ,FS.2,ZXvFS.2,2XtF7.2,2XF8.2,ZX,3E13.5)

IF( IGT .400 )GOT 0190
SVFL mVF -..................-

XCLwXC

GDOT 050
190 WRITE (611050) . . . ...

1050 FORMAT(//l0Xt*IRUN TERMINATED -EXCESSIVE INCREMENTS"')
GOT025D -- - ----- * -

200 WR ITE16 r1060)
--l_1060-.FURMAT( //.10 X t'AUN-7ERM[NATEV-.REACHED-F INAL-PUS ITION" I

GOT 0250
230-WRITE(611070)

1070 FORMATt//1OX,"#RUN TERMINATED -COSTH GT 1"1)
GOT0250 .

250 CONTINUE

END
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* C
-. SUBROUTINE -SINMOV-(AMPBXIYlVIAAADtANGDANGA.IANGNPERXFYF,

IVMAXIVM IN)
COMMON TH(400),THXYZ(400),DTH(400),DDTH(400)
DIMENSION AMP(15)
XCLmXI
YCLmYl

DTOT'SQRT((YF-Yl)**24fXF-XlJ**2)
TSIN*(XF-X[ )/DTOT
ANGT-AS !N(T SIN)
TCOSoCOS(ANOT)
DANGm6 .?83l85306/IANG

Y YI NC ( 2 .*B) /IANG - -

P 11 '3.e14159 2654 ~.n 1I f~ O
* - ACwAA - --. *- G- 1M L '

DO 200 Im1,NPER JIuX LL t L~
D0 150 -JoltIANG.- - -

AJnJ

C

..XCLRT.H-XCL-XF)*TCOS)4(YCL-YF)*TSIN
YCLRTS( (YCL-YF) *TCOS)-(XCL-XF)OTSIN

* - - ~YCRTsYCLAT-- DY-INC - --- --

XCRTm AMP(1 )*SIN( J*DANG)
--. DTRAV.SQRT( (YCRT-YCLRT)0**-4 (XCRT-XCLRT)**2)

IF(AC.EQO. )C.OTOSO
VFLTPnVFL*02 -- -

TUMPa2.*ACODTRAV
*-IF ((TUMP eLT.O.e) *AND ,(VFLTP .LTs (ABS TUMP))IGOTO250O
TIMEu(-VFL4SQRT(VFLTP+TUMP) )/AC
IF(TIME LEO)GOT0240 --- *---* --...... . .

GOT 0100
-50-CONTINUE . -... ---- .--- . * . -

IF(VFL.LE.O .)GOTE0255
T1 I M F-OTRAW /VFL --- - - - -.-.-..-

100 CONTINUE
.4 I X a (XCRT OTC OSI- (YCR TOTSIN)--+- XF-----

YCu(YCRTOTCOS)+(XCRT*TSIN) + VF
-DFTwSORT( (XC*XC.).-+.-fYC*YC))------- -

COSTHaXC/DFT

IF (ABS(COST1HhGT.1)G0T0257
*TH(K)aACOS(COSTH) ...-----.

L'TH(K). (TH( K-i) -7HNK) /TIME
IF (KoL5*2 )GOT06O.............
IF( K.LE .1 )GDTfl60

-- IFI ( (DT H(K).eLT s-Oa s-AND r(DTH (-"I-)GTO.)OR-
1((DTH(K).GT.0.).AND.(DTH(K-1).LT.0.J))GOTOS5

GOT 050
-55- CONTINUE - -- -- - - -- - - - -----..-.-

SAVTxDTH(K1
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AT KuABS (DTH (K))
ATKMnABS(0TH(K-L.) -

QT(JT-ATK.ATPKM
--TTD wATK MOTIME /QTOT - ---

LTTA=ATKOTIME/QTOT
DEC L&-ATVKM/TTD
ACCL-ATK/TT A

-KPRTSTw1-l -- --

DDTH(K) uDECI

DTH (K1) -0
(DOT 060

58 CONTINUE
IF (K .LE .2 )cG0TO60
UDTH(K)u(ABS(DTH(K))-ABS(OT7I(K-1)))/TiME

CT IM.4tJOF~HAA

1210 FORMAT. F6.,A rr lk'i ,rF 8.'13 XtF 7 1,

*15X F8.1t5 X t3 E 3 .5)A
- -**~* TIMEwT7A -- -..--.-. . -*

CTIMuCT!M+T IME
UTH(K)-SAVT ... * . .

UDTH(K )eACCL
WRITE(6,1212)CTIMOTH(K)tDDTHIKJ '

*1212 FORMAT(SX,'1CHANGE IN DIRECT ION OF GUN TRAVELl'tI8Xt

70 CONTINUE

I F (K.G7 .400 )GOTO0260
*VFLnVF --. . .

XCLmXC

IF (J*DANG.GE.ANGD)AC-AD
I-F (%#*OANG. GE *ANGA )ACmAA----~--*. .

.. ..IF(J*'DANG.GT..PII:ANGD)AC-AD...........

IF((VFL.GE.VMAX).AND.(AC.GT.O.flGOt0130
--.. . .. . .- G0T0135 ---------.-.----- ----.-- -.--

130 VFLmVMAX
AC-O.
GOT 015 0

135 IF ((VF L .LE.VM IN).AND o AC LT .0 Y))G0T140-
GOT 0150

-140 - VF L aV I N ----. . ---. . - ..

AC-. C
150 CONTINUE -

IF 11 .EQ.NPER)GOTO2OO
WRITE(6 ,1220)

1220 FORMAT(/10X,'*NEXT PERIOD OF SINE WAVE TARGET MOVEMENT",o/1X)

GOT 0500
240 WRITE(6p2100)JvI -.

2100 FORMAT(//1OXII"ERROR -INCREMENT "914,"' PERIOD l".14t" TIME LT 011)
.. GLIT0500*- --.-. _ _ .

250 CONTINUE
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V FLaVM IN
ACwO..
03OT 050

--C 250 WRITE(6 t2200)JJ I-
2200 FORMATf//I0X,"~eRROR -INCREMENT 'Il~~ PERIOD **1041

1"* - NEGATIVE UNDER SQUARE ROOT")
255 WRITE (6 92220)Jt I

2220 FORM~AT(//10XERROR - INCREMENT-",14v" PERIOD "s1~t
1II VELECITY NEGATIVE UR ZEROt'1

--- GOT0500-.....---*----- 
-- *

257 WRITE(6,2230)Jt!
2230 FOKMAT(//IOX,'IERROR -INCREMENT "914t," PERIOD "t14,

I I COSTH GT 11')
GOT0500-

260 WR ITE (6,t230 0
2 300-FORMAT(//1OX,"TOTAL -ALLOWED-INCREM.ENTS EXCeEDEDI")

GOT 0500
500 CONTINUE .-- -

RETURN
END -

copy AVA iusLi TO 01% DOE NOT
PERMIT FULLY LEGIBLE QBGI
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i C * . . * * * * * * . . * . * * . . . * . * . * . * . * * * * * * * . e *

C
-- SUBROUTINE- THREEDIXItYl vIqXF,-YFqZF-,rVI VMIN#VMAX#DZ INC#
I NNI NCtT INC)
COMMON TH(400btTHXYZ(400),DTH(400),DDTH(400)
(JIMENSION LH(200JAC(200)
DTOT.SQRT((XF-XI)**2-+(YF-YI)*02) ---
XCLuXI

ZC L mZ.
VFL-VI
IF(NNINC.EQ.0)GOTO70
NTCRDSoNNINC/8 + 1
D0 50 KZn1,NTCRDS
KSTART@((KZ-1)*81 +-1 -

KENDmKZ ~8
50 READ(59950)(ZH(KJ),AC(KJ),KJ.K5TARTKENt,.),.

950 FORMAT(16F5.O)
GOTO8O - -----

70 CONTINUE
-...-- kEAD(5 9950) (ZH (KJ),AC (KJ) 9(Ju1~v2F-. . . . . .

14NI NC&DTOT/DZINC
DO- 0 75 Kal #NNINC,#2--.-. *** . . .

AC( K)*AC (1)

-----AC-( K.)o.AC42 -______

77 ZH(KIPZH(2)

WR ITE (6,1700 )XI pYItZIpXF YF pZFtVI tVMINt VMAX tDZINCAN~INC #TINC
*1700 FORMATI1Hl,2OXt"APPARENT-ACCELERATI-ON AND VELOCITY-ANALYSIS",//,

12OX,"ITHREE DIMENSIONAL TARGET MOVEMENTl',///t1SK,,"INPUT DATA'¼///t
--- - lI l A- P- IO (Xi #Y-1 tZ+)-,'r3f1-x qM-- I1 ti//OX -- -

31"FINAL POSITION (XFtYFtZFI "t3(1XvFS.I) fl/lOX,
4"1 NITI AL vMHINIMUM, vAND -MAXI-MUM- VE-LOCITY--(M/ S) -1 3(1 XvF7 .1),s//IOXI,
5"1LENGTN UF**X-Y DISTANCE INCREMENT FOR Z CHANGE ItFS.1,//lOXp

.....6"NUMBER- OF- DISTANCE -INCRtME.NTS--wL,14-v/rtl0X9-"TIME INCRE1IENT" tFS .4
. WRITE(6tl7lO) NRENS/OX

1.001ST. INC. HEIGHTH ACCELERATION -FROM PREVIOUS TO CURRENT INC"
-2t//1X)...... ~ ____,.-.- .

DO 90 KwlNNINC
90-WRITE (6 kl720)K ZH(K ) AC (K)-~--

172 0 FOk MAT I3X 1I3 96 X tF7 o I6X t FlZ9
- - ----WR ITE i6-o173 D)----- ----. -..- ------.-

1730 FORMAT(////1XtTIME INC. X Y i",7Xt"SPEECt1 '
*-12 $lX"ACCELERATION - -ACTUAL--RANGE -ANGLE (MY)403Xv

211ANGLE (XY-Z) DANGLE DDANGLEI/3.X)
DTRAXYmO..- . . . .- ---.--- -.- .

DTRAVvO.

VFLmVI

TEMPCa(XF-X 1)/OTOT

CXYPnXl/ (SQRT( (XIOX I)+. fY ) ))
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TH(1)=ACOS(CXYP) - --

THXYZ ( 1 )KAC05(C XYZPJ

C J *INCREMENT NUMBER FOR ZH(J AND AC(J)
C

IF IZHI1 I GE.ZI )NPNs I
1F(ZHj I LT ,ZI NPNmZ -- .

DELZ*ZH(l)-ZI

100 CONTINUE
C
C SET UP FUR NEW INCReMENT

IiI F F( I -L E -2 1G 0T 0 12 0.- . _

IF( ZCL.GE.ZH( J) .ANO.NPN.EQ.1 )GOTO11O
IF(ZCL.LE.ZM(JI.AND-NPN.EQ.2)GOTOIIO
GOTO15O

110 CONTINUE-
JEJ,1
I F (J oGT. NN INCIG OT08 00 .* . .*

IF(ZH(J).GE.ZHIJ-1) )NPNwl
I F (ZH (J.L E-ZH ( J- IY) N P Nu .w2.--..

DEL ZaZH (J)-ZH(J-1)
120-CONTINUE...... *--..-.....

DZTOTuSQRT(f0ELZ **21 +9 (DZINC*02))

Z.51NBNABS(DELZ1)V/ZOT
AC~mAC( 4)*ZCOSBOTEMPC. ...
ACYwAC(J)*1CO5B*TEMPS
-AClwAC IJ)*ZSlNB *-*

. G0T0175
150 CONTINUE -- -

I F VFL GE VMAX) GOTO155

155 VF . ~ ~ r AALALET DC OS 4
AC X 09 - FULLY~ft

AC~O.PERMIT FULYLomIELE PRODUCTION
GOT 0175

160 IF (VF L 9LE wVM IN) GOTO 165---------.
GOT 0175

165 -VFL-VMIN- -- ~-- --..-.-.--.- ,-

ACX-0.

AC ( A m0.

175 VF L mV FL*ZCOSB* TEMP C ------- -

VFLYsVFL*ZCDSB*TEMPS
VFL-Z&VFL-*ZSINB --- ___ __- --

XCn(ACX*(TINC**2)/2.) + IVFLX*TINC) + XCL
--YC (ACY O(TINC*02 )/2 .) .9- (VFLY-*T INC)--+- YCL --

TZCn(AC.Ze(TINCe**2/2.) +. (VFLZ*TINC)

IFi NPN.EQ.2)ZCU ZCL-TZC
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UTXY.SQRT((XC-XC00.2 + (YC-YCL)*02)
UTRwSORT((XC-XCL)**2 + (YC-YCL)0'*2 + (LC-ZCL)002)
DFTaSORT(XC*XC +YC*YC + ZC*ZC?

t)TRAVnDTRAV + DTR
OTRAXY*DTRAXY * DTXY
CXYmXC/DFTXY
CXYZoDFTXY/DFT.
TH(IHuACOS(CXY)
THX YZ ( ) ACOS(C XY Z) -.

DTH(I)mAbS(DTH(HI/TINC)

VFXwACX 0 TJNC + VFLX
V FY aA CY * TINC + VFLY

S--VFZ.UACZ * TINC + VFLZ- ~.-
VFaSQRT(VFXO*2 + VFY4,02 + VFZ**2)
WRITE(6,1S00)IXCYCZCVFAC(J)IDFTTH(I),THXYZ(I) ,DTH(I)tDDTH(I)

1800 FORMAT( 5Xt 13 2X ,FS.l ,lXF8.1 3XF7.1 ,4XF6.1 .3XF7.2t9X,
1F7.l,3X,4(E13.5))

-- IF( I GT .400 )GOTO81O 0 .. .

YC L NYC
ZCL EC
IF(DTRAXY.GE.(DZ1NC*NNINC))GOTOOSO
I F ( DTR AXY.,GE.DT OT-) 607TO50 -

GOTODOD
800 WR ITE (b t1920)

1920 FORMAT(///10Xt,"RUN TERMINATED -EXCESSIVE D1STANCE INCREMENTS"')
G07 0900 .

U10 WRITEC6tl930)
1930 FORMAT(///10Xt,'RUN TERMINATED-- kXCESSIVE ANGLE INCREMENTS")

GOT 090k)
850 WRITE(6,t19401

194U FOR M AT(I/I/OXRUN T ER M INAT ED COMPLE TED MOVEMENT TRAC Ell
900 CON4TINUE

RETURN
* -~END .
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ATTACHMENT 11

SAMPLE OUTPUT - PROGRAM PAPA

COPY AVAiLADLE TO W DOES NOT
PERMIT FULLY LFUGIU,_IRODU01CTIN

APPARENT A.CCELERATION AND VELOCITY ANALYSIS

SINUSCDEIAL TARGET MOVEMENT

NINPJT DAYA

INIITIAL POSITIUN IXIYI) 0.0 2000.0

FINAL PCSITIUN (XFYF) 0.0 0.0

II!TIAL SPEEý 4VI - M/S) 15.o

MIN AND HAX SPEED (VMINVMAX) 5.0 25.0

ACCELE•ATION/DECELERATIEN CONSTAhTS (M/SEC SQUARE01 0.0 0.0

DECELERATIIN PIUNT IN THE PERI (1RAIIANS1 1.0470

ACCFLERATILN POINT IN THL PERI0DDRACIANS) 1.7500

NUMBER OF PERIUDS IN THE MUVE 15

NUMBER OF INCREMENTS PER PERIO0 24

HALF-PLRIOw DISTAM4CE 75.0
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8. DATA REQUIROWNTS FIN STAGS TEST
I ~FORt WLIS Of AM U[AFI&M LA•TIg h )• I

PERMIT klLtLE W0IE PUROW11

To obtain t g dam for stationry firer - omtla
U to=e e In cenje@Mi with thm prqf m. 1tch
t i m AiparenAt Aso. 1 ace nd ieloitiy ftr secifiedStargt WI m at petterle spoo , An Accelerattion.

A. Targeat Voehile During qObvenst Trace
S1. The actual position of the vehcla'as a fwwctt" of

tin. Either a conttnow tream or discnato valwsoe r At
S. tin units (whre At 1 I oca•) will satisythe reu m ws.

2. The actual spoed and amleration of the vhicle at
the points In tim for which posttien is reow-e.

B. Target Tracking Data blativs o. Stationary Firer

EL: This disCussion "Sums tint to carerus il the firm
vehicles will be ntiliad for data collection.

1. General " ~ (indeWeent of ,rsbest).

a. asic iieta curenstly planned onsists of various
tim factors (lay time tIm to flie first rot d, Ae.)
and *miss dlstam towr ech twod (probably lot ails).

b. Additleml date ren iromts consist of rod
1mg the (X1 Y) distaue of tOn pint at vutch the pom Is
pointinO fm the actual aim point At At IncVeIts fsring
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tracking. Depending on the tracking time interval, at should
be no greater than one second (possibly smaller if a "short"
tracking Interval exists, i.e., "short" being less than five
seconds). In other words, wt want to record the sam data
whfch will be collected at the time of firing each round for
specified tim increments during the tracking phase.

C. It is recomimnded that we define the comiencement of
tracking (for purposes of film reduction) as that point in time
when the target vehicle first appears on the gun camera film.
The actual analysis will incorporate the determination of when
tracking actually begins.

U. I recommend that during the initial film reduction process,
we record tracking data for only a very limited number of cases,
so as not to impede the data reduction process for the primary
dependent variables of interest. The gun camera and target
vehicle data can be utilized at a later time for collection of
additional tracking data of interest. Specific recommndations
as to those cases for which tracking data should be collected
during the initial reduction phase are given In the next section.

2. Specific applicable subtests for tracking data
collection

a. Speed and Precision of Lay (stationary firer vs
moving target cases)

No initial tracking data collection

b. Survivability subtest

(1) Phase I.A. (Yano: Constant Speed)

Recommnd tracking data collection for
the following cases (for one crew).

(a) Flank course (20 MPH)

(b) Flank course (40 MPH)

(c) Oblique course (20 MPH)

(d) Oblique courte (40 MPH)
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(2) Phase II.B (Yano: Start-Stop Test)

Recommnd tracking data collection for
the following cases (for one crew).

(a) Flank course (greatest mobility vehicle)

(b) Flank course (M6OAI)

(c) Oblique course (greatest mobility vehicle)

(d) Oblique course NM6OAW)

(3) Phase Il.C (Yano: Evasive Tactics)

Recommend tracking data collection for the

following cases (for one crew).

(a) Flank course - M60AI - sine wave

(b) Flank course - (greatest mobility vehicle) -

sine wave

(c) Oblique course - M6Al - sine wave

(d) Oblique course - (greatest mobility vehicle) -

sine wave

(e) Head-on course - M60AI - sine wave

(f) Head-on course - (greatest mobility vehicle) -

sine wave

NIOTE: The program can accept sine waves with varying
amplitudes and frequencies during the movement trace.
Such a substitution would be acceptable.

(4) St. Vith Phase

No initial tracking data collection
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This report has provided a brief outline of the proposed
data requlremnts to utilize STAGS test data in the analysis
of apparent acceleration and velocity contributions to the
probability of hit and survivability of ccwibat vehicles.

These recoimendations are subject to modification based
on t'e actual conduct and results of the STAGS test,
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